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PERFORMANCE CHARACTERISTICS OF AXTSYMMETRIC TWO-CONE AND
ISENTROPIC NOSE INLETS AT MACH NUMBER 1.90

By James F. Connors and Rudolph C. Meyer

SUMMARY

An experimental investigation was conducted at a Mach number of
1.90 to determine the over-all performance capgbilities of axisymmetric
two-cone and lsentropic nose inlets in terms of total-pressure recovery,
mass flow, and external drags. At zero angle of attack, the external
drags were separated into theilr components of cowl pressure, friction,
and additive drags. For angles of attack up to 8°, only internal-flow
performance was determined.

At zero angle of attack, critical total-pressure recoveries of 0.94
and 0.92 were obtalned with the isentropic inlet and with the two-cone
inlet, respectively. With an alternate cowl which had an initially
rapid area expansion, the two-cone inlet also realized a total-pressure
recovery of 0.94. Each inlet captured essentially the maximum stream-
tube of air. At zero angle of attack, stable subecritical operating
ranges of approximately 30 percent of maximum mass flow were obtained.
With suction on the first cone of the two-cone inlet, the range of stable
subcritical operation was increased to 20 percent of maximum mass flow.

The isentropic inlet had a cowl-pressure drag coefficient (0.155
based on maximum frontel area) which was 29 percent larger than that for
the two-cone inlet (0.12). In a thrust-minus-nacelle-drag comparison
based on a typical turbojet application with aefterburning, the isentropic
inlet was marginally better (0.6 percent) than the two-cone inlet and
gpproximately 3 percent better than a representative high-recovery one-
cone inlet.

For angles of attack greater than 50, the pressure recovery and
mass-flow performance of the two-cone inlet was superior to that of the
isentropic inlet.




INTRODUCTION I o

In the Mach number range of 2.0, most nacellq -inlet investigations =
dealing with comblned pressure recovery and drag evaluatlons heve been
concerned primerily with the single-cone geometries. This type of inlet e w -
is capable of achieving kinetic-energy efficlenc1és uELto 95 percent o
with small to moderate cowl drags. ZFor current tqrbojét engines, the
attalnment of correspondingly higher total-pressure recoveries can ln-
crease both the altitude limits and the thrust mergins for acceleration.
There 1s then a need for further study and evaluabion of the higher . Ll
compression inlets wherein pressure recovery and cowl drag are weighed m

in terms of over-all power-plant performance. R i CIs
The present investigation was conducted to deétermine the capabili- . _
ties of exisymmetric inlets designed for nesr maximum pressure recovery
with maximum capture mass flow. Specifically, thé expérimental config- _
urations consisted of a two-cone and an isentropicd inlet. In addition . S
to the design geometries, the two-cone inlet was ;nvegtigated with - ’
boundary-layer suction on the initial cone and Wiﬁh ail alternate cowl
producing an initially rapid area divergencé. The isentropic inlet was B
studied with and without a constant-effective- area throat length. At e ==
zero angle of attack, the external drag was separqted'into its compo- '
nents of cowl-pressure, additive, and friction drags.” For angles of
attack up to 8°, only internal-flow performance wgs d€termined.

SYMBOLS -
The following symbols are used in this report: R

Ae minimum flow area at entrance to.diffus%r (throat), sq ft D
Ai cowl capture area defined by cowl-1lip diameger, sq ft T; } :j
Ao meximum frontal ares of model, 0.1364 sq ft S LT il
i -
Ch drag coefficient, — D E é% A =
X poa T A -
Cp,a additive drag coefficient, —2dditive - e s
UAmax | = : LTI

Dcowl-pressgf oM ;
CD,c cowl-pressure drag coefficient, —a = i -
D .

- : cowl-pressure

CD,c,i cowl-pressure drag coefficient b&f?d on! Aii oA .
Cp pressure coefficient - - ; = - RTTRR iy
- - 47
. | — i :-“
: j%
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drag, 1b

cowl-pressure drag, 1lb

thrust, 1b

ideal thrust based on 100 percent recovery, 1lb
local Mach number

average Mach number at entrance to diffuser
free-stream Mach nunber

mass-flow bled-off through suction holes, slugs/sec
meximum possible capture mass flow (poV i)’ slugs/sec
mass flow passing through diffuser exit, slugs/sec
free-stream total pressure, Ib/sq £t

total pressure at diffuser exlt, Ib/sq ft
free-stream static pressure, lb/sq ft

free-stream dynamic pressure, %‘PO Mg, lb/sq £t
free-stream.velocity, ft/sec

angle of attack, deg

ratio of specific heats for air, 1.4

flow angle with respect to horizontel axis, deg

free-stream density, slugs/cu ft

APPARATUS AND PROCEDURE

The experimental program was conducted at a Mach number of 1.80 in

the NACA Lewis 18- by 18-inch supersonic wind tunnel. In the test
chamber, the alr was maintalned at a stagnation temperature of 150+5° F
and at a dew-point temperature of -25+5° F. The simulated pressure al-
titude was approximately 45,000 feet. The Reynolds number based on the
meximum dismeter of the model (5 in.) was 1.33x106. .
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As illustrated in the cut-away drawing of figure 1(a), the S-inch-
diameter model was sting-mounted off the main tunnel support strut. An -
adjustable exit-plug was provided for regulating the inlet back pressure S
and was mounted independent of the three-component bdlance system. On
the front end of the model, provisions were incorporeted for inter- L
changeable spikes and cowls. - l i o T e e

o

A photograph of the experimental spikes and ¢owls of the two-cone
and isentropic inlets is shown in figure 1(b), and their coordinate
dimensions are listed in table I. Pertinent aerodynamic design details
are indicated in the sketches of figure l(c) The two-cone inlet had a
20° initial half-cone angle and a 28° second half rconé angle, which .-
represented a near optimum combination of angles from a theoretical -
recovery standpoint. In order to locate the oblique shock intersection '
and thus the cowl-lip position, a curved second shock was calculated by
assuming a constant flow deflection (8°) across the conical field of the =
first cone. The isentropic spike had an initial 20° half-cone angle
followed by an isentropic compression surface designed by the method of
characteristics with the specification of point turning (focused com- =~ _.
pression) at the cowl lip. With both inlets the ¢ompPession was car- =~ -
ried down to & final Mach number M, of approximately 1.26 at the dif-

fuser entrance. The theoretlcal total-pressure recovdry based solely : .
on shock losses wes approximately 0.97 for each 1nlet;

The internal cowl surfaeces for both inlets weéere alined initially
in the local stream direction, and the external cowl-lip angles were .
sllghtly less than the value for shock detachment|at Tree-stream Mach num—
ber. Approximetely constant-area turning of the Flow back to the sxial |
directicn was employed. The rate of flow turningL in both cases, was
largely dictated by the necessity of holding the internal surface Mach
number along the cowl (~ 1.3) nearly constant until the expansion waves
from the spike shoulder cancelled any further compressive turning. This, .
procedure avolded local shock detachment along the internal cowl surface.

The flow-area distribution in the internal ducting is shown in
figure 1(d). Neither inlet was designed for internal contraction. The
two-cone inlet had an initial 3-hydraulic-diameter lehgth of approxi-
mately constent effective flow area; while, the isentropic inlet )
had two versions, one with and one without the couhstant-effective-area
section. The purpose of these sections was to defermine the effect .
upon. suberitical flow stabilization as demonstrated in reference 1. The . -
two-cone (alternate cowl) inlet was actually a coﬁbidﬁ%ion of the two-
cone splke and the cowl of the isentropic inlet. |As illustrated in
figure 1(d), the resulting area distribution showed en initially rapid
area divergence (approximately an equivalent 10°- included angle conieal- =~
area expansion) followed by a slight contraction Hack to the point which
is common to all configurations. Downstream of the cdmmon joint, the ™ =~ =

" ”FH -
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ares distribution of the subsonic diffuser conformed approximately to
that of an equivalent 5°-included-angle conical-area expansion.

The application of suction on the initlal cone surface of the two-
cone inlet was investigated in order to determine its effectiveness in
extending the subcritical stability range. This was accomplished
by drilling two double rows of holes on the spike, as shown in figure
1(e), and venting the centerbody to free-stream static pressure. Two
additional hollow struts were used to provide a passage for this bleed
flow to the free stream. Each strut had a 3-inch chord and was 1/2 inch

thick with a round leading edge located at an axlal station 2% inches
downstream of the cowl lip.

Pressure instrumentetion consisted of a 24-tube total-pressure
rake and four wall static-pressure teps at the diffuser exit, three
static teps (90o apart) on the base, one static tap in the balance
chamber, and 29 static taps on the inlet cowls. Totael-pressure recovery
was based on an area-welghted integration of the rake pressures. Mass
flow was computed from the static pressure at the rske station and the
sonic discharge ares with the assumption of isentropic one-dimensionsl
flow. At zero angle of attack, the mass-flow measuring techunique was
checked by testing an inlet (two-cone inlet with a l/lG-in. cowl spacer)
that captured a known free streamtube of alr. Integrating the static-~
pressure dlstribution determined cowl-pressure drag. In order to obtain
the total drag, the internal thrust (total momentum at rake minus inlet
total momentum) and the base force were subtracted from the bsalance
force. Externel friction drag was evaluated by subtracting the cowl-
pressure drag from the total drag for an inlet capturing a full free
streamtube of air (zero additive drag). This value was checked for or-
der of megnitude at critical mess flow by & momentum integration of the
external-skin boundary-lsyer profile as determined from experimental
probe surveys at the base of the model. No force data were taken at
angle of attack because of shock reflectlons from the tunnel walls.

RESULTS AND DISCUSSION
Total-Pressure Recovery and Mass-Flow Characteristics

The diffuser performance characteristics of the various inlet con-
figurations are presented in figure 2. At zero angle of attack, the
two-cone inlet (fig. 2(a)) gave a meximum total-pressure recovery of
0.92 with a corresponding maximum masss-flow ratio of 0.995. Stable
subcritical operation was cobtained down to & mass-flow ratio of 0.70
and a corresponding pressure recovery of 0.85. As shown in figure 2(b),
the isentropic inlet ylelded & pressure recovery of 0.94 at a mass-flow
ratio of 0.995 and was stable subcritically down to a mass-flow ratio
of 0.67.
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Also at zero angle of attack, the two-cone (&lternate cowl) inlet,
a combination of the two~cone spike and_the_isent?opie cowl, indicated
an internal-flow performance (fig. 2(c)) quite similer to that of the

isentropic inlet. The reason for the improved performance of this inleti;:;;

in comparison with that of the original two~cone lnlet is not fully un-~
derstood in view of what was first considered its: poor internal-duct
area variation (fig. 1(d)). However, similar obskrvdtions have been
made with other inlet configurations. For example, reference 2 sug-
gests that such improvement resulted from & reduction in subsonic fric-
tional losses effected by the initielly repid lowering of the subsonic
entrance Mach nunber. It may also be that in the| present case the
slight (1°) flow expansion at the cowl lip ceused|an improved orienta-
tion of the diffuser shock during critical operatlon by minimizing the
effects of shock-boundery-layer intersction at the céWl by means of a
favorable pressure gradient. b= i
Adding 3 hydraulic diasmeters of constant effective-flow-area length
to the isentropic inlet (fig. 2(d)) produced no favoréble effects on
performance with regard elther to pressure recovery Or suberitical sta-
bility range.

Schlieren photographs of the inlet air-flow patterns are presented
in figure 3. At zero angle of attack, with both the two-cone and the
isentropic inlets, the obllique shocks during supercritical operation _
appeared to fall very close to or even inside the!coWwl lip. As the nor-

mal shock moved out ahead of the cowl, the sllplihe or vortex sheet from:
the shock intersection moved in toward the spilke hnd_gyay from the cowl,“
as prescribed in reference 3 for stable regulatioh of subcritical flow,

In the intermediate subcritical shock positions, the bow shock stood on

the centerbody compression surface without producing any epparent separaé

tion of the boundary layer. Downstream of the shbck - boundary-leyer
interaction zone, the boundary layer seemed to be: attached and to follow.
the spike contour back into the inlet. This was ln accordance with
reference 4, which suggests that a static—pressurh rise of 1.89 is re-
quired for separation of a turbulent layer. For the present case, the
pressure rise across the diffuser normal shock aslit first moved out on
the spike was only 1.5. The minimum stable mass-flow condltion was at-
tained when the bow shock was positlioned at the break between the coni-
cal surfaces of the two-cone inlet and at a comparabIé location for the
isentropic inlet. As a probable consequencé of increased shock strength
(due to higher surface Mach numbers), any attempt to position the bow
wave farther upstream on the spike would initiate}a Pfllsing flow or in-
let buzz. At the onset of buzz, the boundary layer'qﬁite definitely
appeared to lift and separate from the surface. This separation ap- _
parently Initiated and maintained the buzz cycle in the sense of an
alternate choking and unchoking of the duct flow (see ref. 5).

iy
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In order to extend the steble subcritical range, an attempt to
control the boundary layer on the first cone of the two-cone inlet was
made by applying surface suction through several rows of bleed holes.
The results are shown in Ffigure 2(e). An additional pair of struts (as
described in APPARATUS) was necessary for venting the centerbody. These
struts forced a supercritical bow shock to stand ahead of the cowl with
a resultant decrease in maximum mass-flow ratio of 11 percent and a re-
duced critical pressure recovery. However, without suction the minimum
stable mass-flow condition was, for all purposes, the same with or with-
out the hollow struts with respect to shock position, pressure recovery,
and mass flow. Thus, 1t is felt that any effects of suction in
extending the stdble subcritical range would not be compromised by the
struts, and the results would be equally applicable to the design con-~
figuration with another bleed arrangement that would allow for full~
capture mass flow,(no supercritical spillage). As shown by the data in
figure 2(e), with two rows of bleed holes just upstream of the break
between the two cones, subcritical stability was extended down to &
mass-flow ratio of 0.52. With a total of four rows of holes and an es-
timated bleed mass-flow ratio n?/ﬁb of 0.015, stable operation was
obtained down to a mass-flow ratio ms/mo of 0.12. For minimum stable
mg/my with no suction to minimum stable ms/my with full suction, the
total-pressure recovery decreased only slightly from 0.85 to 0.81.

In figure 3(c) the corresponding flow patterns obtained for the
two-cone inlet with suction applied on the first cone are shown. Super-
critically, a bow shock was located ahead of the cowl lip. With full
suction, minimum steble operation (mg/my ~ 0.1). occurred with the bow
shock appearing, by extrapolation of the visible shock structure, to
stand well upstream of the first row of bleed holes. If such were the
case, the effectiveness of suction was mainteined for a limited range
even after the bow shock passed over the holes and acquired some farther
upstream position. Intermediate suberitical operation was quite stable
over the entire range of mass flows with the surface boundary layer ap-
parently attached as it entered the inlet. The effects of suction were
determined only for zero angle of attack.

The effect of angle of attack on inlet performance is summarized
in the cross plot of figure 4. Generally, angle of attack caused
reductions in pressure recovery, mass flow, and subcritical stability
range. With both the two-cone and isentropic inlets, subcritice_ sta-
bility decreased from approximately 30 percent of maximum mass flow at
zero angle of attack to approximately 7 percent at an engle of attack of
8°. The isentropic inlet performance (both pressure recovery snd mass
flow) fell off more rapidly with increasing angle of attack than that of
the two-cone inlet. For angles of attack greater than 5°, the two-cone
inlet was superior to the isentropic inlet.
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Angle-of-sttack air-flow patterns are shown for the two-cone and _ _
isentropic inlets in figure 3. With angle of atta¢k, cross-flow effects PR
generally produced a thickening boundary leyer on the top or lee side of | h
the compression surfaces, which probebly had some szect in reducing the =~
subcritical stability range. Otherwise, angle of attack resulted in = .. .-
increasing spillage in the top quadrant of the inlét and increasingly S
stronger shocks dvue to the additional compression in Eﬁé lower quadranE

4l

|
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Total-Pressure Proflles at Diffuser!Exit
The total-pressure distributions across the diffuser ex1t are pre-
sented for both the two-cone and the isentropic 1nlets at approximately
critical operation in figure 5. These profiles were mEasured on a rake
approximaetely 3/8 diameter downstreem of the actuel diffuser exit in &
constant-area section. At zero angle of attack, bpth'inlets indicated
a somewhat parsbolic radial dlstribution with no appreciable circumferen-
tial distortion. For these operating conditions, relatively high average
Mach numbers occurred at the rake station (Mg ~ O. &2 with the sting, -
corresponding to Mz ~ 0.34 without sting). With increasing angle of . _
attack, the total-pressure profiles steepened with: an “increasing ten- S
dency toward flow seperation in the lower quadrants of the ducts. The
isentropic inlet indicated a slightly more ﬁronounbed tendency toward o -~
separation at angle of attack when compared with the two -cone inlet.

Cowl-Pressure Distributions and Drag

In figure 68 static-pressure distributions alopg the cowls are pre- S 2
sented for supercritical, subcritical, and minimu 'stgble mass-flow S —
conditions. Also included for comparison are the theoretical distribu- ST =
tions for supercritical flow based on a twordimenqional -flow shock— T
expansion method (ref. 6). Linearized theory in tpis case is inappli- ’ -
cable because of the large cowl angles. In each case, the theoretical ~ o
values overestimated the surface pressures.-— With increasing mass-flow_~ =
spillage, all the pressure coefficlents decreased; neZHtive pressure B
coefficients in the vieinity of the sharp leading dge of the cowls _ o B
indicated suction forces at reduced mass fl%ws. | & - i;.ff — =

From srea-weighted integrations of the static-prébsure distribu- . =
tlons, cowl-pressure drag coefflcients were obtained and are presented
as functions of mass-flow ratio in figure 7. The two- dimensional flow
shock-expansion theory for each cowl overestimated the pressure drag T
coefficient by 15 percent. Because of.a greater external lip eangle and =~
a larger projected area, the isentropic cowl exhiqite&.a drag .
(Cp,e = 0.155) which was 29 percent higher then that Tor the cowl of the
two< cone inlet (CD e = O. 12). As illustrated by the data, cowl-pressure
drag decreased linearly with decreasing mass- flow #atio with each cowl

having approximately the same slope. b= P I

R
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Zero-Angle-of-Attack Component Breakdown of External Drag

External-flow characteristics (i.e., drags) for the two-cone (al-
ternate cowl) inlet were not determined, since they would be identical
to those for the isentropic inlet at zero angle of attack. The total
external drags and their components of friction, cowl-pressure, and
additive drags for the two-cone and the isentropic inlets are presented
in figure 8. Friction drags were obtained by subtracting the super-
critical cowl-pressure drags (CD = 0) from the total drags as obtained
through balance measurements. Order of msgnitude was checked by a mo-
mentum integration of the external boundary leyer. This friction drag
was then assumed constant with mass-flow spillage as in references 7
and 8. Accordingly, additive drag increased rapidly and linearly with
reduced mass flow. For a specified flow spillage, the magnitude of the
additive drag was approximetely the same for both the two-cone and the
isentropic 1nlets. For englneering purposes, it was found that the
additlve drag of these inlets could be predicted with sufficient
accuracy by calculating CD g for a 60° one-cone inlet, This cone
angle approximated the meaximm compression surface anglesg of the two-
cone and isentropic inlets. At a mass-flow ratio of 0.7, Cp,a was 0.30,
as estimated for a 60° cone by the method of reference 9, compared with
a CD a Of approximstely 0.31 from figure 8 for both the two-cone and
the isentroplc inlets.

At corresponding mass-flow ratios, the magnitudes of the total
external drags for the two-cone inlet (fig. 8(a)) were lower than those
for the isentropic inlet (fig. 8(b)) by the difference in cowl-pressure
drags.

Over-All Performance Comparison

In order to evaluate the merit of obtaining increased inlet total-
pressure recoveries at the expense of a concomitant cowl-drag rise, the
two-cone and the isentropic inlets were compared on a propulsive thrust
basis with two representative one-cone inlets (refs. 10 and 11). The
results for zero angle of attack at a free-stream Mach number of 1.90 are
shown in the following table:
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Inlet Total-pressure Cowl-pressure Propulsive

configuration recovery, drag coeffi- thrust

Pz/Pq clent based ratio,

on Ai, cD,C!,i F - Dc

| TE
Isentropic 0.94 0.225 0.855
Two-cone .92 165 .850
One-cone

(ref. 10) .90 .15 , .829
One-Cone : :

| (ref. 11) .84 .065 | .780

The reference one-cone inlet data involved tome Iinterpolation between
Mach numbers. These particuler one-cone inlets were #elected to 1ndi-
cate the performance levels of typical high-recovery and low- drag con-

figuraetions. The method of reference 12 was used to compute the ratio

of thrust minus cowl-pressure dreag to ideal thrust for each inlet 1n-
stalled on & typical turbojet engine with afterburning to 3500° R. The
isentropic inlet asppeared to be the best on a propulsive-thrust basis.
However, the two-cone inlet with its much lower cowl drag was only mar-
glnally lower (0.6 percent), and the one-cone inlet of-reference 10 was
approximately 3 percent lower than the isentropic ;nlet. The maximum

difference in thrust minus nacelle-drag for these particular iniets was

approximately 10 percent. ;

SUMMARY OF RESULTS P
An experimental investigation of axisymmetricltwo cone and isen- -
troplc nose inlets at Mach number 1.90 ylelded the following results:

1. A critical total-pressure recovery of 0.94 wag obtained with the

isentropic 1nlet and with a two-cone (alternate cowl) inlet that had an
initially rspid internsl-area expansion. The design two-cone inlet
reslized a total-pressure recovery of 0.92. Each'inlet captured essen-
tially a maximum streambtube of air (i.e., & mass-flow ratio = 1.0).

2. At zero angle of attack, the isentrople and two-cone inlets had

stable suberitical operating ranges of approximately 30 percent of " mased - ih -

mum mass flow. With the two-cone inlet at zero angle “of attack, the
stable suberitical operating range was lncreased to 90 percent of maxi-
mum mess £low by means of boundary-layer suctlion on the initial cone
surface. The corresponding maximum bleed mass floy was estlimated at

e e
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approximately 1.5 percent of the maximum possible mass flow into the
inlet.

3. Angle of attack generally reduced pressure recovery, capture
mass flow, and subcritical stabllity range. Because its critical per-
formance (pressure recovery and mass flow) fell off more rapidly with
increasing angle of attack, the isentropic inlet became inferior to the
two-cone inlet at angles of attack grester than 59,

4, The isentropic inlet had a cowl-pressure drag coefficilent (0.155
based on meximum frontal area) which was 29 percent larger than that for
the two-cone inlet (0.12).

5. In & thrust mlnus nacelle-drag comparison based on a typical
turbojet epplication with afterburning, the isentropic inlet at zero
angle of attack was marginally better (0.6 percent) than the two-cone
inlet and sbout 3 percent better than & representative high-recovery
one-cone inlet.

Lewis Flight Propulsion Leboratory
National Advisory Committee for Aeronautics
Cleveland, Ohlo, July 1, 1955
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TABLE I. - INLET DIMENSIONS

[ A1l cowls have leading-edge
radius of 0.0025 in.]

owl

|
W Spike f
A c
X
b
N [
Reférence
station
X=0
Two-cone inlet Isentropic inlet Long isentropic inlet
Spike Cowl Spike Cowl Spike Cowl
X Y X B c X Y X B C X Y X B Cc
0.128{2.712( O 4.544 |15.000 |0.123|2.712{0 4.54415.000 | 0.129(2.712{0 4.544|5.000
.887(2.780 {Straight teper|Cylin-| .879(2.814| .750(4.584|Cylin-{ 1.629|2.900| .500| 4.562|Cylin-
1.887[2.860 dricel |1.622|2.938]1.500| 4.640| drical] 2.379( 3.004|1.500f 4.602| drical
2.887|2.934| 4.500 | 4£.740 [5.000 (2.379]3.072]2.500|4.706 3.129| 3.100} 2.500| 4 .650§
3.88715.006| 4.700 | 4.750 |5.000 [3.129(3.180|3.500(4.760 3.879| 3.164{ 3.500] 4 .690§
4.887|3.092| 4.900| 4.750 {5.000 |3.879|3.268{4.000}4.780 4.629}13.212[4.500{4.730
5.087{3.104| 5.000| =ewm=n 5.000 [4.629|3.326]|4.50014.788 5.379}3.250{5.500| £.760
5.2R7|3.088] 5.200]| 4.734 | ----- |5.029]{3.330|4.750]/4.788 6.129|3.280|6.500| 4.780
5.487/3.012| 5.400| ====- 4.900 |5.22913.310(5.000(4.780}5.000 | 6.879(3.308]7.000|4.784
5.687(2.906] 5.600| 4.642 | ~==um 5.429)35.256|5.250|4.740(|4.942 | 7.629|3.326|7.50014.788
5.887(2.778( 5.900 | 4.528 [4.646 [5.629(|3.156|5.5004.684{4.846 | 8.029{3.330|7.750/4.788]|5.000
6.087[2.638| 6.200 | ~==== 4.458 |5.829(3.000|5.700(|4.606(4.738 | 8.229[3.310/8.000{4.780[5.000
7.282{2.470f 6.300 | 4.350 |==e== 6.029(2.816(5.900{4.494|4.598 | 8.429|3.256|8.250]|4.740(4.942
7.359]1.324| 6.500| 4.250 [4.250 |6.229]|2.602|6.1004.382 (===~ 8.629|3.156{8.500{4.68414.846
9.187|0 6.629{2.14216.300{4.266|~---- | 8.829[3.000|8.700{4.606|4.738
6.849(1.888(6.500 [4.144 —— 9.029(2.816(8.900]4.494 |4.598
7.049(1.862 9.229{2.602 (9.100|4.382 |===u=
7.249)1.456 9.629|2.142(9.300|4.266 j~==w=
7.44911.270 9.849(1.888(9.500(4.144 |-—ww-
7.649(1.102 10.049{1.662
7.848] .948 10.249]1.456
9.1491{0 10.449(1.270
10.649}1.102
10.849| .948
12.149 |0
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(a) 5-Inch-dismeter model instelletion In 18- by 18-inch wind tummel.

. ! Figure 1. - Experimental models.
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Spike

Igentropic inlet

Cowl

Two-cone inlet

(b) Inlet cowls and splkes.

Figure 1. - Continued.

Experimental models.
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:
2
2
%

External 1lip angle, 19.5° -
—T-M = 1.33 ‘~Approx. constant
6= 16.6° ~ } area turning from

Initial centers, Ae  back to axial
Tnitisl conical shock Ae | body expansion

Second conical shock e=l-265 | wave \‘
Mg = 1.9 = 1.20 _
‘\“\\\\. 280 . {
M= 1.49 (
N [
.-‘\\\\\\ 0 _ ]2
Two—-cone inlet design T . e o L

_y
External lip angle, 20.4% ST
g sSS Approx. constant

hg = 1'731‘3 area turning from
y =i dten A. back to axiel
7/ Initial center-
Initial conical shock / A body expa.xﬁsion
/ | weve Y
Isentropic /£ {(e{l .25 \\\
compression / /M =1.19 ,
! \
My = 1.9 / .‘\\\‘ 30.20 o b b
/ 3
/ i =
= 1.49 I f
t -
| =,
g0 ; =
ZaW\\N - =
Isentropic inlet design [
(c) Pertinent inlet design deta:LJ:.B. B

Figure 1. - Continued. Experimental n;:lode:[.é. ) e
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Flow ares, sq in.

14

la

10

CX-3

3706

Distance downetream from cowl lip, in.
(d) Ares distribution throughout various eubsonic diffusers.

Figure 1. - Continued. Fxperimental models.

Vi /)
~ Common ,joint-] / /
Two-cone (alternate /| /
cowl) inlet // //
| yd pd
//-Two-cone inlet —— P -
L
] t 2~ long isentropic inlet
1 ™
/ l / I > Two-cone illllet with bleed struts
L 2
pl_’/ Isentropic inleil',
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18 oo * %, NACA RM E55F29

Perforated spike : -

To first cone tip

~—1.828" —————— - - -

Lofrndy

|
i

il

Break between first
and second cones

30 Holes each row of % -in. diam

30 Holes each row of 0.0EiSZ-iﬁ. diam

Hole pattern I = . FYRTE

(e) Two-cone spike perforation d«iafaﬁé._ i
Figure 1. - Concluded. Expetimentel models.
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Total-pressure recovery, PB/Pb

1.0

0o

%>//D o

Angle of attack,
.8 deg
O 0
a 4
< 8
Stable operation
.7
(a) Two-cone inlet.
1.0

Q=
.8 I
.7
.6 .7 8 9 1.0

Mass-flow ratio, mz/mg
(b) Isentropic inlet.
Figure 2. - Performance characteristics of axisym-

metric two-cone and isentropic inlets at Mach
number 1.9.
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1.0

.9

0 .8
~
al?
3]
>

5 .7
]
4
o

5 1.0
m
/2]
0
[
0
3
2
o

E .9

.8

7

Angle of attack,

deg o
0

0

a 4
o 8
Stable operation

(c¢) Two-cone (alternate cowl) inlet.

B

area section)
O  Long (3 hydraulic diams.

O Short (no constant effective-

effective-area throgt length)

cdnstént

B

.6 .7 .8

P

Mess-flow retio, ms/uiO _

() Isentropic inlet.

Figure 2. - Continued. Performancq characteristics
of axisymmetric two-cone and 1sentrogic inlets at

Mach number 1.9.
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Total-pressure recovery, Px/Pq

1.0

O No suction (with strut)

V 'Two rows of bleed holes
01 Pour rows of bleed holes

Original two-cone inlet 7

Min. stsble LS/'"O /
K(no suction) AT
Min. stable m./m,; four rows ! 1T
[of holes; mB/:gfoO.OlS \ /"”—“

g a

—— Free-stream

shock recovery

normsal

UMip. stable “’5/"’05 two rows 1y
of holes; mp/m,~ 0.009

Figure 2. - Concluded.

nuxber 1.9.

-4

.0 .5 .7 .8 .9 1.0
Mass-flow ratio, m/my

(e} Two-cone inlet with boundary-layer control; angle of attack, zero.

Performance characteristics of axisymmetric two-cone and isentropic inlets at Mach
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ms/my = 0.995; mg/mg = 0.855; m/mg = 0}80;
spupercritical subcritical subcriticzla.l
Angle of attack, rzero |

nz/my = 0.98; mg/my = 0.69;
supercritical min. steble

Angle of attack, 4° .
(a) Two-cone inlet. : -

Figure 3. - Inlet air-flow patterns.

| Angle of atteck, g° T R

mg/my = 0.695;
min. stable ) -

C-39265

mg/my = 0.88; -
min. stable g
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mz/my = 0.995; mz/my = 0.875; mz/mg = 0.7} mg/mg = 0.6T;
supercritical subceritical subcritical min. stable

Angle of attack, zero

C-39266

1113/111O = 0.965; ms/mo = 0.71; “‘3/“‘0 = 0.91; ms/mo = 0.815;
supercritical min. stable supercritical min. stable

Angle of attack, 4° Angle of attack, 8°

(b) Isentropic inlet.

Figure 3. - Continued. Inlet alr-flow patterns.



24 - .~ THNACA RM E55F29

C-3g267

mz/my = 0.89; uz/my = 0.70; h/mg = 0.12;
supercritical subcritical min., stable

(¢) Two-come (with boundary-layer suction) inlet. lAngle of attack, zero.

Figure 3. - Concluded. Inlet air-flowépatﬁerns. _ _ -
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)

Peak total-pressure recover
PS/ 1:'0

Maximum and minimum steble mess-flow ratios,

ms/my

Inlet

1.0 O Two-cone
O Isentropic

\‘:El

1.0

D
Stable operating range /

.7<1 ity "(
LA
dj LLW Buzz
'60 2 4 6 8

Angle of attack, a, deg

Figure 4. - Effect of angle of attack on performance
of two-cone and isentropic inlets.
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- Concluded. Total-pressure profiles at diffuser exit (near

critical operatiom).
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. Pressure coefficlent, C,

T = £ H
. : : Top '
: 0
i % o L
Bottom
5 I Circumferential
Hi it ; static~tap location
4
Mass-flow condition
o Supercritical (two~dimensional
3 i shock-expansion theory)
R " Supereritical
E H
it : Buberitical (mg/mg = 0.85)
2 e Minimm stable subcritical
g (me/fmgy = 0.70)
i a
& 1
.1 : i
gy B X .
ga;
HH I
_p b ; TR
0 .2 4 .6 .8 1.0 1.2 1.4 1.6 1.8
Axlel distance from cowl lip, in.
(a) Two-cone inlet.
Figure 6. - Covwl statlc-presaure distributions. ' . ,
i
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Pressure coefficient, Cp

3708

1.0 Tﬁp g
e
4
£ < o 3
8 peih
gt Bottom
HIH T Circumferential
HEPHI atatle-tap location
8 i
¥ Maas-flow condition
H ¥ R H Bupereritical (two-dimensional
; St el shock-expansiocn theory)
4 H T If % ___l
. CHHEN T RN P Bupercriticel
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(v) Isentropic inlet.

Figure 8. - Concluded. Cowl static-pressure distributions.
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Cowl-pressure drag
coefficient, CD,c
b

0
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NACA RM ES5F29

Inlet 1&:; R T
o Isentropic gasib R i
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Flgure 7. - Effect of spillage on cowl-pressure drag. ;
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(a) Two-cone inlet.

Figure 8. - Component breakdown of external drag
at zero angle of attack.
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Drag coefficient, CD

a

1N
LT

& / VW pay
AT 70

\ \\

tMWm N

\ \\m\\\\\\\ AN

reaTantnS AR RN - NACA RM ES55F29

Mass- flow ratio, mS/mOI

(b) Isentropic inlet. !

Figure 8. - Concluded. Component bréakﬂbwn of
external drag at zero angle of attsck..

NACA - Langley Field, Va.
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